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Power control for high-speed packet data transmission 
Field of the invention 

5 

The present invention relates to power control in communications systems in particular 
in code division multiplex access (CDMA) systems such as UMTS systems (W-CDMA). 
More particularly, the present invention relates to aspects of high-speed packet downlink 
packet access communication (HSPDA). 

10 

Background 

As is well known, in wide band direct sequence CDMA systems signals consist of differ- 
ent pseudo-random binary sequences that modulate a carrier. Thereby, the spectrum of 
15 the signals is spread over a wide frequency range common to a number of channels in 
the system. Due to the direct sequence coding, orthogonality between signals is 
achieved, enabling individual decoding of signals from the common frequency range. 

This coding principle has many advantages. For instance, direct sequence spread spec- 
20 trum coding provides substantial reductions of the severity of multi-path fading, which 
leads to an effective utilization of spectrum resources. 

Since signals occupy the same space in the frequency/ time domain, power regulation of 
the individual channels is an important aspect of CDMA systems. 

25 

CDMA systems employ power control on both the up- and the downlink. One objective of 
the power control is to regulate each mobile station transmitter operating within the cell 
site base-station receiver, such that the signals have the same power level at the base- 
station receiver regardless of the position or propagation loss of the respective mobile 
30 stations. It should be noted that the power level is proportional to the transmission data 
rate. 

When all mobile station transmitters within a cell site are so controlled, then the total sig- 
nal power at the base-station receiver is equal to the nominal received power times the 
35 number of mobile stations. 

Each selected signal received at the base-station is converted into a signal that carries 
the narrowband digital information, whereas the other signals that are not selected con- 
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stitute a wide band noise signal. However, the bandwidth reduction, which is performed 
according to the decoding process, increases the signal-to-noise ratio from a negative 
value to a level that allows operation with an acceptable bit error rate. 

5 The overall system capacity, for instance the number of users that can operate within the 
cell simultaneously, depends on the minimum signal-to-noise ratio, which produces the 
given acceptable bit error rate. 

On the downlink, the cell also supports power regulation by adjusting the downlink power 
10 for each signal to the respective mobiles in response to their requests. The purpose is to 
reduce power for units that are either stationary, relatively close to the cell site, impacted 
little by multi-path fading and shadowing effects, or experiencing little other cell interfer- 
ence. Thereby, the overall noise level diminishes and those mobiles being in a more dif- 
ficult environment will benefit. 

15 

The current 3rd Generation Partnership Project (3GPP) specification for third generation 
mobile telephony system, also denoted UMTS, supports different user data rates for dif- 
ferent users. The transmitted downlink power for a given user entity is determined by the 
interference level in the actual cell, the prevalent channel quality, the user data rate, and 
20 the requested quality of service for the data transmission. 

In UMTS systems there are two basic kinds of physical channels that are used for 
transmission: Dedicated channels and common channels. Only one user at a time may 
use a dedicated channel, whereas many users can share a common channel. 

25 

Normally, the downlink interference for a particular user entity stems from a plurality of 
transmissions of relatively low power to other user entities (on other orthogonal chan- 
nels). The interference originates from adjacent base stations as well as the very base 
station or base stations, in case of soft handover, from which the user entity in question 
30 receives a transmission, 

A transmit power control (TPC) loop is used for dedicated channels. The purpose of the 
TPC loop is to regulate the downlink power for individual user entities so that the ratio 
between received power and the interference is held constant even though the absolute 
35 value of the interference fluctuates. Thereby, a desired user downlink data transmission 
quality can be obtained. 
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The TPC loop makes use of TPC commands that are forwarded from the user entity to 
the base station once per slot (1 slot corresponds to 0.67 ms). The TPC command may 
either 'raise the power' or lower the power' in steps. The power step adjustment for each 
5 command is normally 1 dB. This means that the TPC loop can adjust the transmission 
power 1 dB per slot at the most. Thereby, the power transmitted from the base station 
will vary overtime due to variations in interference level from other sources and varia- 
tions in channel quality. The utilization of the TPC loop will result in a relatively constant 
interference level for the individual user entity in question. 

10 

Recently, a new downlink service, High Speed Downlink Packet Access (HSDPA), has 
been introduced in 3GPP. A brief account of the operating principle can be found in "Per- 
formance Aspects of WCDMA Systems with High Speed Downlink Packet Access 
HSPDA)", by T. E. Kolding, et. al. 

15 

The HSPDA transmission makes use of a 2ms transmission time interval (three time 
slots), adaptive modulation and coding (AMC) multimode transmissions, such as QPSK 
and 16QAM modulations, fast physical layer (L1), hybrid automatic request (H-ARQ). 
The scheduler is transferred from the radio network controller to the so-called Node B, 
20 also denoted base station set, BSS. In fig. 6, an outline has been given, indicating the 
data transmissions, up-link power control and downlink power control to various user 
entities, UE's. 

Fig. 1 shows the major channels utilized in HSPDA. 

25 

On the downlink side there is provided: Several common data channels 1. A dedicated 
signal radio bearer 2 for each user using HSPDA transmissions; a common channel for 
control signaling 3, a number of common user data channels 4-5, which are allocated 
HSPDA data in a flexible manner. 

30 

On the uplink side there is provided: a dedicated channel for, among other things, pro- 
viding channel quality information, CQI, and HSPDA automatic request signaling, H- 
ARQ, 6, an uplink dedicated channel associated with each HSPDA user comprising both 
control information and data, 7. 

35 
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With the introduction of High Speed Downlink Packet Access (HSDPA) in UMTS sys- 
tems, the interference level will not longer fluctuate in a slowly manner. Large momen- 
tary interference steps of several dB's will appear when the HSDPA channel turns from 
no data transmission to maximum data rate transmission. Other mobile stations will ex- 
5 perience performance degradations around the time of initiation of the high power 

HSPDA transmission. This problem is often described as the 'flashlight effect problem'. 

In fig. 2, an exemplary scenario for the downlink interference level has been depicted for 
a typical user entity. The user entity experiences a certain level of thermal noise, N_TH. 

10 Also interference from downlink channels of adjacent cells, l_ADJ. Moreover, non- 

HSPDA inference from other downlink channels in the cell in which the given user entity 
resides, l_NON_HSPDA_CELL, also contributes to the interference level. The latter level 
is often of a considerable level, in relation to the two first mentioned sources. Finally, the 
interference from non-regulated HSPDA transmissions is shown, l_HSPDA_CELL As 

15 mentioned above, these transmissions may be of a high magnitude and may change 
abruptly. 

In fig. 3, the HSPDA transmission of fig. 1 corresponding to the used HSPDA power in 
Node B has been shown, further. 

20 

In fig. 4, the sum, D — PWR, of the interference contributions of fig. 2 has been depicted 
for an unregulated HSPDA transmission. The given actual dedicated channel power is 
denoted A_PWR. Since the TCP caters for a maximum change of 1dB / 0.67ms, the 
prevalent signal to interference level, S/M , may decrease below the given minimum de- 
25 tection threshold on rising flanks of the HSDPA generated interference. 

Summary of the invention 

30 It is a first object of the invention to avoid packet data transmissions interfering with at 
least a prioritized dedicated channel, while optimizing packet throughput 

This object has been accomplished by the transmit unit defined by claim 1 and the 
method defined by claim 7, respectively. 

35 
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It is a further object of the invention to set forth a transmitting unit avoiding interference 
in connection with HSPDA transmissions. 

This object has been accomplished by claim 6. 

Further objects and advantages will appear from the following detailed description of the 
preferred embodiments of the invention. 

Brief description of the drawings 
Fig. 1 shows the main channels utilized in HSPDA, 

fig. 2 shows an exemplary scenario for the downlink interference level for a user en- 
tity, 

fig. 3 shows the HSPDA transmission of fig. 1 corresponding to the used HSPDA 
power further, 

fig. 4 discloses the interference contributions of fig. 2 for an unregulated HSPDA 
transmission, 

fig. 5 discloses an exemplary embodiment of the transmission unit according to the 
invention, 

fig. 6 shows a mobile communication system, 

fig. 7 discloses a packet data scheduler according to a preferred embodiment of the 
invention, 

fig. 8 shows a preferred routine according to the invention, 

fig. 9-13 shows the functionality and the effects of the invention for a given fictive ex- 
emplary scenario for incoming packet data, and 
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fig. 14, shows another exemplary scenario and the effects of the invention for given in- 
put data. 

5 Detailed description of preferred embodiments of the invention 

According to a first embodiment of the invention, a downlink CDMA channel used for 
HSPDA transmissions is subject for power control and scheduling with the aim of pre- 
venting flashlight effects. 

10 

As mentioned above, the downlink transmit power on dedicated non-HSPDA channels 
are regulated according to a closed loop (TPC) regulation depending on the reception 
conditions of the mobile station in question, according to which regulation at least the 
permitted transmit power rate of increase is limited to a predetermined first value per 
15 time unit. In CDMA systems, the terminals may request an increase or decrease in the 
downlink transmit power of 1dB per time slot, that is, at a maximum rate of 1dB/0,67ms. 

Depending on the actual system, another rate may pertain. 

20 High-speed packet data transmission has the property of not being restricted of TPC 
loop considerations. 

HSDPA is a service where Node B (the base station) determines the amount of data to 
be transmitted as well as used transmission power. The amount of data to be transmit- 
25 ted is a function of available transmission power. There is a new HSDPA transmission 
every third slot (= 2 ms). 

The functions of Node-B are: Air interface Transmission / Reception; Modulation / De- 
modulation; CDMA Physical Channel coding; Micro Diversity; Error Handing; Closed 
30 loop power control (TPC). 

The functions of the RNC are: Radio Resource Control; Admission Control; Channel Al- 
location; Power Control Settings; Handover Control; Macro Diversity; Ciphering; Seg- 
mentation / Reassembly; Broadcast Signaling; Open Loop Power Control. 
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In fig. 5, an exemplary embodiment of the transmission unit according to the invention is 
shown, BSS. The transmission unit comprises a number of dedicated channel units, 
D_UNIT, a number of corresponding power control units, PWR_CTRL, a summing 
stage, SUM, a common channel unit, C_UNIT. Common channel data, DATA2, cf. 
5 channel 1 in fig. 1, and dedicated channel data, DATA3, cf., channel 2 in fig. 1 are 
summed in summing stage SUM and output, DATA23 to power amplifier stage 
POWER_AMP at outlet PJDUT. 

According to one embodiment of the invention, the respective common and dedicated 
10 units C_UNIT and DJJNIT, receives scheduled data, DATA2 and DATA3, respectively, 
which is scheduled by other standard units or node (not shown) and perform physical 
layer channel coding. The actual scheduling may alternatively be performed in the units 
C_UNIT and DJJNIT. 

15 The respective power control unit, PWR_CTRL, for the respective dedicated channel is 
responsive to a respective closed loop power regulation signal, TCP_CMD, under which 
at least the transmit power rate of change is limited to a predetermined value per time 
unit. 

20 The power amplifier, POWER AMP, amplifies and outputs the scheduled first and sec- 
ond data, whereby the outputted first and second channels are subject to interference 
from one another. 

Each respective power control unit is responsive to respective closed loop power re- 
25 quest commands (TCP_CMD) from the individual user entities. 

The summing stage, SUM, reports a signal, P_DATA23, indicative of the power level of 
the outputted power of signal DATA23, which is provided to a remaining power determi- 
nation stage, DET_REM. 

30 

Since the output power, P_OUT may be limited by a regulatory level or at least limited by 
physical restrictions of the power amplifier; there is a finite power level budget available 
for the total transmission, P_OUTMAX. Since the dedicated channels and the common 
channels, DATA2 and DATA3, have a higher priority, due to the their function of provid- 
35 ing for voice and control signaling, a signal P_REM is defined as P_OUTMAX - 
P_DATA23, indicative of the remaining power being available after scheduling and 
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power assignment of the common and dedicated channels. This signal is provided from 
remaining power determination stage DET_REM and delivered to HSPDA scheduler, 
HS_SCHDR. 

5 The HSPDA scheduler encodes and schedules HSPDA data, DATA1 , according to the 
routines provided by the invention, into channels HS_PDSCH and HS_SCCH, whose 
summed power level is denoted P_H. 

In fig. 7, the HSPDA scheduler is represented. As mentioned above, the actual power 
10 level P_H(t), of a scheduling instance t relates to the issued power of the HSPDA trans- 
mission. The previous value of the actual power level P_H(t-1) is stored from a prece- 
dent instance. 

Moreover, an available power level, P_AVBL(t), is calculated by the scheduler. 

15 

According to the shown embodiment, the available codes available for channel coding 
may be provided from an external source as well as the channel quality, Q. 

Based on the amount of HSPDA data available at a given instance, DATA1 , the avail- 
20 able codes and the indicated quality level for the HSPDA transmission, the scheduler 
HS_SCHDR determines the desired power for the HSPDA transmission at a given cur- 
rent scheduling instance. 

The routines according to the invention for this determination shall be explained in more 
25 detail in the following, with reference to fig. 8. 

The transmit unit, BSS, for each scheduling interval of high-speed packet data operates 
the packet data scheduler, HS_SCHDR, to carry out the following steps: 

30 1 - for each scheduling interval, 

2 - the dedicated and common units receive scheduled first data, DATA2, DATA3, per- 
taining to the common and dedicated channels, 

35 3 - the transmit unit determines the remaining power P_REM(t), by means of the unit 
DET_REM, 
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4 - a measure, denoted the possible power P_POS(t), is determined as the maximum 
value of either the actual power (P_HS(t-1)) at a previous instance or the possible power 
determined at a previous instance (P_POS(t-1)), decreasing the maximum value by a 

5 predetermined value (d); in other words P_POS(t) := MAX [P_H(t-1) , P_POS(t-1)] - d, 

5 - a measure, denoted the permitted power P_PERM(t), is determined at a given in- 
stance as the maximum value of either the actual power of a previous instance (P_HS(t- 
1)) added with the predetermined value (d) or the determined possible power 

10 (P_POS(t)); in other words P_PERM(t) := MAX [P_H(t-1) + d, P_POS(t)], 

6 - the available power P_AVBL(t)) is determined as the minimum value of either the 
permitted power or the remaining power (P_REM(t)); in other words P_AVBL(t) := MIN 
[P_PERM(t) , P_REM(t)], 

15 

7 - finally the scheduler schedules the high speed packet data in dependence of the 
prevalent amount of incoming high speed data according to the available codes and the 
channel quality in such a way that the output power P_H(t) is lower or equal to the de- 
termined available power P_AVBL(t). 

20 

If the HSPDA transmission has just been initiated the value of P_H(t-1) = 0 and 
P_POS(t-1) = 0. In UMTS systems the value d is selected to a value about 3dB when 
the TPC step is set to 1 dB. Each scheduling instance has a duration of TTI= 2ms. 

25 It is noted that the step of determining the remaining power can be done at any time be- 
fore step 6. 

According to the above embodiment of the invention, the power difference between two 
consecutive HSDPA transmissions are restricted in such a way that the used power for 

30 HSDPA channels is ramped up so slowly that the TPC loops for the dedicated channels 
can handle the power rise. By limiting the increment of used transmission power be- 
tween two HSDPA transmissions, the interference increment will be limited. Thereby, the 
transmissions of the dedicated channels remain undisturbed. Moreover, the HSPDA 
power is regulated after a preceding HSPDA transmission in such a way that it benefits 

35 from the downward slope of the TPC restricted dedicated channels, thereby enhancing 
HSPDA throughput. 
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According to a further embodiment of the invention, illustrated in fig. 8, the transmit unit 
BSS for each scheduling interval of high speed packet data, DATA1, operates the high 
speed packet data scheduling according to steps 1-5 and regulates the actual power 
5 P_H(t) within the permitted power P_PERM(t) instead of the available power 

The functionality and the effects of the invention shall now be dealt with having reference 
to figs. 9-13, which relates to a given fictive exemplary scenario for incoming packet 
data, DATA1, utilizing the regulation as depicted in fig. 8. 

10 

At scheduling instance t=A, it is imagined that the HSPDA packet data has been trans- 
mitted for some time at a fairly constant power level H(t) and that the dedicated channels 
are in balance with the HSPDA level as denoted by P_H(t). 

15 In fig. 9, the possible power P_POS(t) is calculated according to step 4. 

In fig. 10, for reasons of illustration, the power level used in the preceding scheduling 
instance P_H(t-1) added by the constant d has been shown. 

20 Hence, P_Perm as defined in step 5 can be graphically found by the maximum value of 
P_H(t-1) + d in fig. 10 and P_POS(t) in fig. 9. P_PERM(t) is depicted in fig. 11. 

In fig. 12, P_REM(t) and P_PERM(t) have been shown. Fig. 13 shows, P_AVBL(t) as 
defined in step 6. 

25 

For each scheduling interval, the scheduler schedules data at a power level lower or 
equal to the power level defined by P_AVBL(t), depending on whether enough HSPDA 
data is at hand. 

30 In fig. 14, another exemplary scenario has been shown for given input data in which the 
used HSPDA power P_H(t) and the possible power P_POS(t) are shown over time using 
the method described above. 

As appears, the measure P_POS caters for that the HSPDA transmission has such a 
35 low power build up-phase that the power loops of dedicated channels match the in- 
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crease. It also indicates that a relative high level of HSPDA power is used after interrup- 
tions in HSPDA traffic. 
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